Purpose: Women in the United States who have epilepsy give birth to about 20 000 newborns every year. Because seizures during late gestation and delivery may seriously affect the fetus, and because primary generalized tonic-clonic (GTC) seizures may occur during labor and delivery in 1-2% of women with epilepsy, we attempted to define the rate, risks, and causes of seizures during labor and delivery. Methods: To characterize seizures during labor and delivery, we retrospectively analyzed 89 consecutive pregnancies of women with epilepsy on antiepileptic drugs (AEDs). Six epileptologists in our group had treated these patients. We confirmed data and acquired new information by telephone for 83.1% of the pregnancies, and categorized the women as having primary generalized or partial epilepsy. Most of the patients (78%) were on monotherapy during pregnancy; 20% took two AEDs, and 3% took three AEDs during that period. Results: Seizures during labor and delivery occurred in 4/32 (12.5%) patients with primary generalized epilepsy, but in none of the 57 women with partial epilepsy (P < 0.05). None of the 38 patients with therapeutic AED levels before labor and delivery had seizures, compared to 3/37 (8.1%) of the subtherapeutic group. However, drug levels were taken at variable times in relation to delivery, limiting their value. Also, the levels sampled were both total and free levels; the latter would be more helpful to determine the adequacy of AED drug coverage. Conclusions: Maintaining therapeutic AED levels during the last trimester may help prevent seizures during labor and delivery, especially in women with generalized epilepsy. Women with epilepsy who had subtherapeutic AED levels and had been seizure-free may be at-risk for seizures during labor and delivery. Our sample was small, and a random sampling bias may have affected the results.
INTRODUCTION
Epilepsy affects 0.4-0.8% of pregnant woman 1 who deliver 20 000 newborns annually in the United States 2 . The hormonal, metabolic, and sleep changes of pregnancy can influence seizure frequency and severity 2 , as well as serum concentrations of antiepileptic drugs (AEDs). During pregnancy, women with epilepsy have increased maternal and fetal complications 3 . They have a higher rate of cesarean section, labor induction, and vacuum and forceps extraction 4, 5 .
Seizures, especially in late gestation and delivery, may adversely affect the fetus by causing autonomic and metabolic changes, direct fetal trauma, intracranial hemorrhage, and fetal demise 4 . The rate of primary generalized tonic-clonic (GTC) seizures during labor and delivery has been reported to be 1-2% in women with epilepsy 6, 7 . This study attempts to better define the rate, risks, and precipitants of seizures during labor and delivery.
METHODS
We retrospectively analyzed the charts of 83 consecutive women with epilepsy at our center; they had a total of 99 pregnancies between August 1990 and April 2000. Ten pregnancies were excluded because the women took no AEDs during pregnancy (none were complicated by seizures during labor or delivery; 1 of the 10 had primary generalized epilepsy). The mean age at the time of pregnancy was 30.8±4.4 years (range 20-40). Sixteen women had two pregnancies, and one woman had three pregnancies. Two cases were twin gestations. Primigravidas made up 48.3% of the sample. Collected data were confirmed and supplemented by telephone interviews with either the patient or her husband for 83.1% of the pregnancies. Patients were classified as having either primary generalized or partial epilepsy based on past history and seizure type, EEG and video-EEG findings, and imaging studies. Some patients with partial epilepsy had secondary generalized tonic-clonic seizures. Seventy-eight percent of the patients were on monotherapy during pregnancy, 20% received two AEDs, and 3% took three AEDs.
The occurrence of a seizure during labor and delivery was analyzed according to seizure type, presumed precipitant based on the patient's recollection, duration of labor, complications of delivery, delivery type, and AED blood level closest to the date of delivery. Six epileptologists in our group had treated these patients; the AED blood levels sampled included both total and free levels. Free levels were obtained in less than 50% of cases. This is a limitation of our study, because obtaining free AED blood levels is the ideal. Drug levels were compared to standard therapeutic values. Subtherapeutic levels were expressed as a fraction of the lower limit of the therapeutic range. Drug levels in the therapeutic range were given a value of 1000 irrespective of their magnitude. If more than one AED was taken, the blood levels closest to the date of delivery were analyzed and the fractions averaged. Seventy-five (84.3%) of the AED levels were available for review.
Results expressed as mean ± SD were computed using FileMaker Pro 5.0 v1. Statistics were performed using the Student's t-test and the χ 2 -test for 2 × 2 tables. Results were considered statistically significant for P values < 0.05.
RESULTS
Our sample consisted of women with primary generalized epilepsy (36.0%; 32 pregnancies) and with partial epilepsy (64.0%; 57 pregnancies). The mean duration of epilepsy at the time of pregnancy was 14.7 ± 8.6 years. In women with primary generalized epilepsy, four (12.5%) had seizures during labor and delivery compared to no women with partial epilepsy (P < 0.05). Of these four patients, three had GTC seizures during labor and delivery, and one had myoclonic status epilepticus. The mean duration of labor for these four women was 14.0±6.0 hours, compared to 10.1± 11.0 hours for the study population without seizures during labor and delivery (P > 0.05). The patient in myoclonic status required a cesarean section for fetal heart rate (FHR) decelerations. One woman required a cesarean section for fetal malposition. The other two patients delivered vaginally, with one requiring induction. Possible seizure precipitants included insufficient AED doses (3/4) and sleep deprivation (1/4).
During late pregnancy (mean 21 days before delivery), two of the four patients were taking valproate (levels 43.1 and 27.6), one was taking phenytoin (level 8.5), and one was taking carbamazepine and primidone (levels unavailable for review). One patient had two GTC seizures while pregnant, with rare seizures before pregnancy. The three other patients had been seizure-free during the entire pregnancy (except for rare myoclonic jerks) and for 2 months to 9 years before conception.
Of the 75 pregnancies with serum AED levels available for review, 37 (49.3%) were subtherapeutic at the time of delivery. Of these women, three (8.1%) had a seizure during labor and delivery, while none of the 38 women with therapeutic drug levels had seizures during labor and delivery (P > 0.05). The mean subtherapeutic AED fraction for the three women who had seizures during labor and delivery was 0.76 ± 0.18, compared to 0.86 ± 0.22 for those who did not have a seizure during labor and delivery (P > 0.05). The mean time from serum AED level measurement to the date of delivery was 2.7 ± 2.3 months for the total study population.
DISCUSSION
Our results suggest that primary generalized epilepsy is a risk factor for seizures during labor and delivery. Seizures during labor and delivery occurred in 4 of 32 pregnancies with primary generalized epilepsy, compared to none in 57 cases with partial epilepsy. Our data suggest, but do not establish that maintaining therapeutic AED levels in late pregnancy and delivery may help prevent seizures in labor and delivery. At least three of the women who had seizures during labor and delivery had subtherapeutic AED blood levels, in contrast to none of the women with known therapeutic AED levels. However, drug levels were taken at variable times in relation to delivery, limiting their value. Further, this study was retrospective and sampling bias may have affected our findings.
Changes in autonomic tone, acid-base status, and blood oxygen content secondary to transient placental insufficiency and cord compression occur during normal labor and delivery. A GTC seizure during labor and delivery can compound these physiologic variations and cause maternal hypotension, hypoxia, prolonged forceful uterine contraction, and FHR decelerations indicating distress 4, 8 . FHR decelerations can also result from complex partial seizures 4 .
There are many potential risk factors for seizure occurrence: low AED levels, sleep deprivation, illness, physical or emotional stress, excessive alcohol intake, and use of other medications that lower the seizure threshold. Several of these factors could have been present in a few of our cases. Labor and delivery is a major physical and emotional stressor. This provocative factor for seizures may have a greater effect in women with primary generalized epilepsy than in those with partial epilepsy.
The results of our small study suggest that maintaining therapeutic levels of AEDs in late pregnancy, especially in women with primary generalized epilepsy, may help prevent seizures during labor and delivery. This process should start with preconception counseling, with continued discussion and reinforcement throughout gestation and the puerperium. Even women who have been seizure-free before and during early pregnancy with subtherapeutic AED levels may be at increased risk for seizures during labor and delivery. Our sample was small, and a random sampling bias may have affected the results.
